The neutral protease of Bacillus subtilis var. amylosacchariticus was photooxidized in the presence of methylene blue, by which treatment the enzyme was rapidly inactivated. The inactive enzyme was digested with endoproteinase Asp-N, the resultant peptides were separated by HPLC, and their amino acid sequences were compared with those obtained from the unmodified enzyme. Of four peptides that contained histidine residues, only the recovery of one peptide was found to be decreased by the photooxidation with the appearance of a new peptide. Comparisonsof amino acid compositions and sequences between these two peptides showed that the latter peptide lacked His228 of the former one, indicating that His228was photooxidized. This result suggests that His228 is involved in the catalytic reaction of the neutral protease or interaction with substrates.
Bacillus subtilis
var. amylosacchariticus (B. amylosacchariticus) produces a Zn-containing neutral endopeptidase of high specific activity.1~4) Recently, its amino acid sequence5) and the nucleotide sequence of the enzyme gene6)
were analyzed in our laboratory. Comparison of the aminoacid sequence with those of other Bacillus neutral proteases showed that the B. amylosacchariticus enzyme is 89%homologous
to that from B. amyloliquefaciens and 48% homologous to thermolysin, a thermostable
Zn-containing endopeptidase from B. thermo,- Photooxidation of neutral protease. The enzyme, 2 mg, was dissolved in 2ml of 0.1m Tris-HCl buffer (pH 7.5) containing 2mMcalcium acetate and 0.01% MBin a quartz cell of 1-cm path length. The reaction mixture was placed at distance of20cm from the front lens ofa 300-Wslide projector and illuminated for 25 to 120min, stirred solwly to supply oxygen.12>14) The reaction mixtures were periodically withdrawnand their proteolytic activities were checked. The remainders were mixed with 1/10 volume of 99%formic acid to inactivate the remaining activity and dialyzed against 0. 1 M ammonium bicarbonate buffer (pH 8.0) to remove MB.
Enzymatic digestion of the intact and oxidized enzymes and separation of the resultant peptides. The intact and photooxidized enzymes (about 1.6 mg) were digested with endoproteinase Asp-N for 24hr at 37°C and pH 8.0 in a total volume of 2ml. The ratio of enzyme to substrate was 1/2000 (wt/wt).
Urea, 250me, was added to a part (500/A) of the reaction mixture to completely dissolve insoluble peptides, and then the peptides were separated by reversed-phase HPLCin a manner similar to that used for separation of digestion products from the synthetic substrates as above. Somefractions were further purified on a TSK-gel ODS 120T column (5/mi, 120A, 4.6 x 250mm) using the above solvent system. 
Results and Discussion
Photooxidation of the neutral protease and reduction of the activity By photooxidation of the enzyme for 25 min Unknownproduct derived from histidine. (5) Gly (4) Arg (1) Thr (7) Ala (3) Pro (2) Tyr (5) Val (2) Met (0) Cys (0) He (3) Leu (3) Phe (1) Lys (4) Trp (0) Residue No. The number in parenthesis indicates the composition (mol/mol) expected from the amino acid sequence.
under the condition described in Materials and Methods, the caseinolytic activity was reduced to less than 30%of the initial activity. In the An HPLGelution profile of endoproteinase Asp-N digests of the neutral protease modified by 25min-photooxidation is illustrated and compared with that from the intact protein in Fig. 1 . Of 16main peaks derived from the native enzyme, four peptides (black peaks in Fig. 1 ) contain histidine residues, as has been reported previously.5) One of them, peak HC-4 (HP-4a in the modified enzyme) was decreased by the photooxidation, and a concomitant increase in a new peak (HP-4b) was observed.
Amino acid sequences of amino terminal regions of His-containing peptides are shown in Table I , and amino acid compositions of three peptides, are shown in Table II , Peak HC-4 obtained from that His228 is closely related to the hydrolytic reaction of the enzyme. There is, however, some discrepancy between the degree of enzyme inactivation and a relative ratio of HP-4b to HP-4a; inactivation percentage of the enzyme is somewhat higher than the accumulation degree of HP-4b. This is presumably due to a further change of HP-4b to an unknown product during the photooxidation reaction, as shown later.
An HPLCelution profile of the enzymatic digests of the neutral protease modified by 90-min photooxidation is illustrated in Fig. 2 . A further decrease in peak HP-4a and concomitant increase in peak HP-4b were observed, though the recovery of the latter peak was significantly lower than that we expected.
Unfortunately, we could not identify the photooxidation-derived product from histidine. In addition, further elongation of illumination time caused both peptides, HC-4 (HP-4a) and HP-4b to vanish, suggesting that further destruction or conversion of another unknownproduct took place.
Taking into account a high homology in amino acid sequences betweenthermolysin and B. amylosacchariticus neutral protease and the three dimensional structure of the former enzyme,8" 11>17) we conclude that His228 of this enzyme corresponds to His231 of thermolysin and is involved in the catalytic reaction or substrate-binding of the enzyme. To elucidate more detailed structure in active sites of the neutral protease, analysis by site-directed mutagenesis and a computermodelling of the three dimensional structure are nowin progress.
